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AB The use of peptides and proteins in medical treatments has become 

popular as a result of advances in biotechnology. However, their 
complicated structures make these substances highly susceptible to 
degradation. This article reviews the basic structures of peptides and 
proteins, the causes and mechanisms of their degradation, and some 
possible approaches for improving their stability. 
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homologous HIV-2 challenge was obtained in one out of four 
animals that received the low-serum dose and in two of three 
animals that received the higher serum dose (Table 2 ). All seven 
controls as well as 27 monkeys in separate experiments became 
infected with the same HIV-2 challenge dose. 

In a second experiment, four oynomo!ei!S monfcev* «.t#> i»iv*»n 
9 mi kg" 1 anti-SI V %m serum and 6 h laterchallenged with iti- jtw 
MID 50 of SIV^. Two control animals received 20 ml normal 
monkey serum before challenge. Three out of four monkeys 
pretreated with SIV %m antiserum showed no signs of infection 
following a homologous SIV, m challenge, whereas the two con- 
trols became infected (Table 3j. in auuitor experiment l not 
shown), nine cynomolgus monkeys were inoculated with the 
same dose. 10-100 MID*, of SIV^., and all nine monkeys 
became infected. 

Antibody litres as determined with wh. ^-antigen enzyme - 
linked immunosorbent assay (ELISA) declined after challenge 
with a half-lire or approximately 7-9 days and became undetect- 
able at 3-4 months in protected animals (monkeys H^, H:0, 
B6 and B3I-V*). This further indicate* that active infection Uut 
not occur during 6-10 months of follow-up after liw virus 
challenge. Five out oi seven monkeys treated with 4 ml kg 1 o! 



ann-HlV-2 or anti-SIV serum resisted the homologous cell-free 
virus challenge, whereas a lower dose of antiserum appeared 
to be less efficient Our data suggest that the litre of viral specific 
antibodies may be critical for protection, but the prcchallengc 
antibody titres m individual motucys did not show a clear 
.^rr^tirtn « ,th promotion. Larger studies will be required to 
establish both the amount and quality of antibodies that give 
protection. 

Successful passive immunization against primate lentiviruses 
tn a nonhuman primate has to our knowledge not been reported 
previously. Prince eiatV reported that passive transfer of pooled 
Igi* f.oni KI V-i -infected humans latieci to protect chimpanzees 
->gain*t live HIV-I virus challenge. But passive transferor ami . 
em elope antibodies has been shown to protect against murine 
ami fehne oncogenic retroviruses 1 *-" and recently Kataoka et 
at. >howcd thai human antibodies to human Tccll leukaemia 
%ini* t >P e I { HTLV Ii prevented HTLVI infection in rabbits'*. 
w< na\e niiowh here that antibodies aionc arc suffiucm io 
piwcct T«painM HI VO and SIV infection in a nonhuman primate. 
Stud»o on po>t -exposure prophylaxis and protection against 
hcictulogous \iru\ strains are in progress. r} 
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THE Kif-rcnewal and differentinion of haematopoietic stem cells 
occurs m nro ana m vitro in direct contact with ceils making up 
the haematopoiehc mic^oettvi^oaIllem , - , . In this study *e used 
adhesive ligands tad blocking aatiboties to identify stromal cell- 
demed extraccUolar matrix proteins involved in promoting attach- 
mem of murine haematopoietic stem cells. Here »e report thai 
5\. ^y-r«rmi« S -..nii *pi«n <W;-S U >' ^ik nn6 rrmn- 
stituting haematopoietic stem cells attach to the C-terimnal 
hepann-faiodiag fragment of fibronectin by recogniiing the CS-l' 
W^ of ^-»eni»lively spt^ Hlconnecting segment 

(IHCS) of human plasma fibronectin. Furthennore, CFU^„ stem 
«..» ^ina »n: « 4 Mil«,mi ut ur VLa-4 imcgrio recepior/whicn 
is known to be a receptor for the CS-1 sequence, and monoclonal 
antibodies against the integrin c 4 subunit of VLA-4 block adhesion 
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of Cf l ^S i; stem cells to plates coated with she Ctermina! 
hbrooectin fragment. Finally, polyclonal antibodies against the 
:n!c£r:2 ^!*uRi: of V'!.A - ! snhibi! the fonaatiea of CFl'-S 
drHtrd spleen caionie* and medullary haemalupuieMS in vivo 
folttmiag iBtr*%enous infusion of antibody-trrated bone marrow 



cells. 

Gtir o'i r !>l7GTTiz\ cc!;:. Tnaking y t 

environment m the maintenance of ha-matopoksis nwrinvoive 
so^renon of extracellular matrix tEt M* proteins to' pro\ide 
anchorage files for colocalization of stem cells and growth 
tiKtorT * To exaniine the role of ECM in haematopoietic stem- 
celi iifhesion w e tirq analysed the binding of CFU-S r by 
auherence dcpieiion as>ays in uhich a limiting dilution of freshly 
KoKn^i N--ne marrow cells was incubated on EC M produced 
b\ a mtinne h.>ne .narrow derived Mrom.il celi line. 1 12. capable 
oi replacing me haematopoietic microenvironment ol a long, 
term marrou c^iture in supporting hacmatupoitrsi* in film* 1 ". 
Alter a : -h incubation at 37 X . the nonadherent population of 
-:dl> collected and assayed lor I Rj-S i: . Incubation of 
bone -mar-row tcii* on t: ECM lesulted in the depletion of 50% 
oi * r i compared \\\ih ccti> incubated on gel at in -coated 
d»shew control* ill."?- s.j vm us 24..? = . VI nonadherent C FU- 
S, . ; Table I ». To determine the long tenn haematopoietic recon- 
>titu!ing caoarity of U2 FX M -bound cells, a larger inoculum 
ol bone uuhov, cells obtained from male mice was incubated 
on ine c _ cCSi. Hiier carefui removai of nonadherent ceiib, 
the bene marrow tells adherent to V2 ECM were collected and 
■ utecied into ieihally irradiated female mice. Southern blot 
analysis ot UNA isolated from thymus, bone marrow and spleen 
cells from the>e female mice 4 months post-transplant revealed 
a prominent V chromosome-specific hybridizing band (Fig. la), 
demonsttating ih;*i cells adhering to V2 ECM not only contain 
C FU-S, : . but are also capahle of muttilincage and long-term 
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reconstitution of irradiated animals. 

Although stromal cell ECM (including U2) is composed of 
collagens, laminin, and fibronectin 9 ", we found that neither 
collagen types I. Ill and IV, nor laminin promoted significant 
attachment of CFU-S, : (data not shown). As primitive eryihroid 
progenitors ( K . Goltry and V. Patel, manuscript in preparation) 
and lymphoid cells 1 : 14 attach specifically to the C-terminah 
heparin binding fragments of fibronectin, we anrlysed stem cell 
binding to dishes coated with intact fibronectin or its chymotryp- 
tic fragments. Incubation of bone marrow cells on bacteriology 
cal plates coated with a Oterminal heparin-binding fragment 
of fihrnneciin (HBO> of relative molecular mass 30.000-35,000 
( M t 30-35 Ki resulted in 55% reduction in the number of nonad- 
herent CFU-S, ; (Table !). As in previous studies of stem 
cells and primitive BPUE ( K. Gohry and V. Patel, manuscript 
in preparation), no adherence of CFUS,> was demonstrated on 
intact fibronectin (Table I >. Funhermore. no appreciable adher 
ence of CFUS, ; was detected on a II 5K cell-hii.ding domain 
containing the RGUS sequence (Table I), or a A2K C terminal 
fibronectin fragment containing the HBD, but not a M-cond 
cell-binding domain located in this same region of fibrunectii* 



TABLE 1 Analysis of CRj-S arthesr • »o«? stromal ce« ECM and ce« adheswoomam* 
of tmcnectm 



Substrates 



Control 
ECM 

ECM heparin t 

Control 

Fi&tOfiectin 

iCD I30-35K) 

C8D015HJ 

Contiol 

CS-l /BSA 

CS-3/BSA 

Control 

Ifi0(30-35KI 
WD (30-3SKJ < 
*«0 (30-35M ■ 



itH,At) 
LPAM-l Ao 



Nonadherent CfU-S 0epiet«on <*oi 

2A3,i\' o 

1*7. 1 3 50 

8.5 t 25 G5 

405 i ?9' 0 

41 0U 3 0 

280 1 84 55 

4?. 0 1 4 7 o 

S0i?6; o 

40*35 50 

78t?7 o 

67:13* 0 

27*13 60 

34t?4 49 

7 0s!! 0 



1? °* a: ' east ,our animate *W«»M- Sor- m»rc» cetfs'were «u*ct«i « 
ocscrtfted Horn male C3RHeJ mice (Jackson Latwatot^ ear Ham • f/amc> 
Ealracettulai matrix was weporea as ptevwusty oesenbed v alter ground U2 ceiis on 
tissue culture plates (either 6-well or lO-cm Coming. Me* VorU to conttjence tn some 
Mpcitwii. ECM i*bs oeatetf fo.- 30 son w-.tr: 500 ^ ftcpsrr: sufehaie .n 
Phosphate^jffcrca sal^c CPSS> per 60 mm ftsh. PLates *<*e tren *3She7fre* of 
unbound heparin with PBS before addition qi ceils, for Cfy^„ adherence Urrotrw 
cMytior.su 3 x 10 } c? plastic 2^re*~. deputed usps mara w ^ 
on U2. U2 ECM (plates coated with 01% g € iatin <&gma> were contrcts for nonspeaf*: 
brnttng of CFU-S;,, tn the ECM-ternar^ «pe.rfnents) or baetenetogic *ates coated with 
protein fragments (see below) For attachment assays to ffcronect* fragment J5-mm 
baclenotog* Petri ashes (Falcon Lincoln Park. Mew Jersey! were coated with 2 ml PBS 
solutions contatnmg 20 ^ mi ' .rxheated substrates e. SxBSA wirfl asprr^r^, 
described". For attachment assays to sjnthefc peptstes. 24-wcfl TOnt-ssye culture 
plates (Castor Carr-ansge. Massachusetts! wftsh ha- Seen csr~ • vr>* "wv^^ 
well IBM or BSA connate <50-60moi pept.de per mot «*) werVuseV ftuer a 7r 
'7'^«^3» 3 7 X m 5% CO,, nonadherent cens ^colJectMandsav^ For Wock^ 

oi LPA.M-1 (or rat anti-H2pan rnonoctonal antOoOes-Ml/42,3 9 a«A 1 100 caution)** 
for 30 mtn rotating end^^.e^ AntcocfMreated cens U 35 * 10 s ) »ere ptateo .r 
O^ml a. 4 x in 24-weti bacterWcgicai plates wmch had been precoated wnth 30-35H 
..owecw. Us^ctx izi SSA: as afceve Af»r a 2h^, t>0 « ^r^pn, ^ 
were careiuiiy co'lected. tr>ps.n^ed for 1 ; nin at 37 x to remove .emawune antibody 
AU no^dnerent cel»s wre collected My three gentle cashes win warmed me*a 
Contam t ng2% BSA and *l washes wn? comb.neo and injected into lethafly trratfcated 
•wil^Orafe spw dose wth 3h between doses et 145rads per mm this dose 
Of uradratron is lethal to 10O% of rruce not receiving bone marrnw mfustons). Spleens 
dw^° ^ DOSt - lranso,3nt were **** ^ surface cotomes counted as 

• f^nadherent fJUS after n-er laying 3 > 10 s ce:is for 2 n on ECM Of rrri^in^oaied 
plates Control was 01% gelatin or 2% 8SA-coated plates 

+ ECM was preincubated with 500 hepann sulphate per 60-mm oish before 
incubation of cells, see tegeno 

tJHH 0 ^!^ ^ a ' lef ove,Ia > ,n 8 9 x 104 ««» •* ? " o« pepfo^coated plates 
vontrol. BSA -coated plates 

^Nonadherent CFU^ after overlaymg 1.25xl 0 5 anubocV-treated colls for 2h 
peptide-coated p«ates Control BSA -coated plates 



called the CS-t sequence (data not shown I. The tack of adher- 
ence to the 42 K fragment was in agreement with our findings 
that preincubation of V2 ECM with heparin sulphate had 
minimal elfects on CFU-S i: adherence (Table 1) TTiese data 
suggest liule, .f any. adhesion of CF U S,, to the heparin-binding 
site (10 (ref. !6t located in both the 42K and the 30-35K 
tragmenti and rmphcaie me CS l sequence' Vi ' :n this 
adherence- 

This possibility was examined by measuring adhesion of CFU- 
S l? to bacteriological plaies coated with synthetic CS-l peptide 
covalenily crosslinkcd to bovine serum albumin (BSA). Incuba- 
tion U U...; fiidi-raw cc;:-. or CS-!/ BSA re<ulied in 50% reduc- 
tion ol nonadherent CFU-S i; compared to bone marrow cells 
incubuied on plates coated u uh BSA alone orCS..VBSAconiu. 
gute Uomrol synthetic peptide present in IIICS emino-acid 
sequence M Table it. The presence of CS-l sequence in the 35K 
figment ol hbronecfm *a> confirmed hv immMnoblotting with 
miti-C SI peptide umihod>,artd tl : presence of CS I containing 
differentially splueU me»<a f .ci RNA in U2 stromal cells was 
conhrmed by north*' rn hloi analysis using a synthetic 7$.basc 
oligonucleotide probe repieveniing the t S I sequence of rat 
Jibroncctin (ref. :u : R. S. I>wivcdi, V.P.P. and D.A,W., unpub. 
Iished dutai. Adherence of CFU-S i: to the .W-.15K fibronectin 
fragment wa^ dose- dependent and saturable (data not shown). 
i*fV«iVr lh:lt Wtffe nonadherent to optimal concent ration nf 
frugment gave n>c «o fewer muhilincage spleen colonies 
U out ot 15 colonies, or 6 ?%i when compared with control 
injections 1 12 out of -\S colonies, or 42.9% K demonstrating that 
the adherence to this t ragmen! detincs a more primitive CFU-S 
compartment HaematopoiciK >(cm ceIN (from male mice) 
adhetem to the 30-JSK domain were also capable of multi- 
Imcagc haematopoietic reexmststution of irradiated female mic* 
(Fig. IM. demonstrating that cells adhaent to this fragment 
include long-term reconstituting stem cells. 

Cell adhesion to ECM proteins is mediated hv the imegrin 
lamily ol cell-surface receptors'' Adhesion of some lymphoid 
cells to the CS-l ^uence of fibronectin is mediated by 
the VIA 4 integrin. a heacrodimer consisting of o 4 and $ t 
suhunils' ;md ihl% Mjhunii i> jppjrcnlly shared bv the 
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Plastic atf*reree-oepieT,eo *=3s «nc io*v-0ensit y bone manow mononu- 
clear celts isoiateo j> cenLnf^Lr^n on a Ficoii-hypaoue gra^; (His- 
topaoue.lllS. Sigmai (10° mt : s tncuD3Ted with und:lute<J anttoodies 

rr W. A rt . irrmnno Ant,.... axv** flnnal.l HAM.l r : 1 h«) flllutmn oi T3X 

an!i-muhne Mac-1 mcTOctc^; snusooy* 3 (Bochri.-gcr Mannhiemi cr rn a 
minimum essential meaium (MENti svioco Greno island. New Vorki contairung 
5% fetal cat! serum a!one at 4 X ^ot 45 rmn wm\e rotatmg end over end 
Celts were then was^ied tw*e *ce-co!o PBS and treaied with a 1:100 
dilution of FlTC-iaOeiico goa; ant^a; or g;.a\ anl. mouse igG (Tago. Butiir^. 

Caliiornia; rcf iSrr.;.- a: i C Aire; ;^^:.cr; iv:th ;hc scccr^sry 
anttoody the cells were wasnec t»ac«. K -itn ice cold PBS and resuspenoed 
in n MEM containing 5% fetal caif s^urn a: j -3 < 10 6 cells per m» for cell 
sorting Ruoresce-n-laoelieo cells «t» soneo on a Cvtofluorograf Its (Ortho 
Dtagnest!CS» conrmnrng an Aigcr, ana band filter for 510-540 rM 

wavetengths using gates selected t<x nwcuurr. ceil size (8 10»imi oaseo 

of fluorescence intensity that Jsa above the mean channel of 

negative control cells (urstatnea o> f^* ar.tiDo^i and 36% of positive cells 
eihioiling medium bright fluorescence *ere collected on ice. washed once 
with media containing 5% fetal cof? s^jm trypsim/ed for 2min at 37 X 
washed twice tn ice-cotd mecium cor.Tssruns 5% fetal calf serum, and injected 
into lethaliy irradiated iy^eneic. reopaen's Data presented were obtained 
from one of two independent e>pennen:s showing similar results. 

439 
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FK5.1 Sr*fthernbfot analysis of female 

mice transplanted with male bone msr- 

row cells act* rent to U2 ECM (a) cm 

30-35K <o) cnymotryptic fragment of 

.^ronecUn. For reconstitution assays 

on ECM (a) (3 « 10 4 ) bone marrow cells 

depleted or plastic adnerent cens weie 

plated onto 1C -m tissue culture dis- 
hes (Corning} containing ceil-free U2 

ECM and allowed to actiere for 2 rt The 

adherent cells we then injected into 

lethally irradiated female mice 

(C3H/HeJ, iackson Laooraiories}. r W 
months after transplantation. DNA was 
prepared from thymus, spleen and bone 
marrow cells, cut with SamH. size f rac- 
tionated on a 1% agarose gel. transfer- 
red to a nylon niter IMagnagrapK 
Micron Separations. Westtxxo. 
Massachusetts) and probed with M P- 
latciludY - amosome-specific probe. 
PY-2 (ref. 34). Lanes are labelled with 
the source of cells used for the OKA 
preparation; BM9. female bono marrow 
(negative control); BMo. utato but* 
marrow (positive control* Thy o\ thy. 
.T.ii3w GW v . bone m3iT3'»; Cp! Nil ? . r.zr. 
adherent spleen cells; Spltf, total 
spleen ceils all from a female mouse 
transplanted with male cells adherent to U2 ECM Arrow 
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NA Spi 



h 

BM | 

9 0.25 
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hybndiiing band running at 14kttobases. The f<gure shows tissues ot one 
representative mouse of a group oi three. For reconstitution ass3ys on 
ftoronectin fragments to), bone-marrow cells were plated onto 30-mm 
bacteriological disiies (Falcon) coated with 40 »g per cish of 30 35K chy. 
motryptic fragment of fferoncctin (containing CSU and adherent ems 




4:X W- 



caiieoeo ama nanspiantea. as described aoove. Four months after transplant 
tissues were collected tiom mice. ON A prepared and Southern Wots perfor- 
meo as m a except additional controls for copy numbw were included by 
prepay 0\a if om matures or male and remate Done marrow to represent 
25 50 arm 75% male cells Results tiom a representative transplant 
~* s group or three mice 



PeyerV patch -specific lymphocyte homing receptor*'. We used 
a monoclonal antibody to murine LPAM-I tref. 22) and 
fluoresccnce-activatcd cell sorting (FACS), to determine 
whether CFU-S !2 express this subunit of VLA-4. About 36% of 
bone marrow cells stain positive with LPAM-I (data not shown), 
injection of VI A 4 posi:;vc bone narrow cc!h (ejected from 
a gate representing the middle 33% of nynrwence imentiivt 
gave rise to CFU-S,,-derived spleen colonies in icthallv irradi- 
ated mice (Table 2). By contrast bone marrow sorted* for the 
presence of Mac-1 antigen 2 ', which is expressed on more 
differentiated myeloid cells, failed to form spleen colonies when 
injected at concentrations 2-5 times higher than LPAM-i-posi- 
tive cells (Table 2). The expression of the <* 4 subunit was further 
shown to be functionally important as incubation of bone mar- 
row cells with LPAM-1 antibody blocked attachment to 30-J5K 
nbronectin-fragmem-coated dishes (Table I J. 
Consistent with this result are our observations on the effect 
r T b P 01 * 4 * 88 ™ antibodies against the common /3,-subunit 
or the VLA intern receptors on the lodgement of injected mcmi 
cells in the spleen and bone marrow in vivo. Preincubation of 



limiting dilution of bone- marrow cells with intact anti-FnR 
< 0 t * c immune IgG or ami-FnR F<ab> ; fragments resulted in 
sigmheam reduction in the ability of marrow cells subsequently 
to give rise to spleen colonies (Fig. 2) or myeloid colonies in 
the lemur *daia not shown), whereas control incubations per- 
=p Pre-nct of rirt^r nrrimmune IgG or anti-pan 
H. tref. 241 monoclonal antibodv was without significant effect 
(Fig. 21 

We conclude that the adhesion of primary haematopoietic 
stem celts to stromal ceil ECM is partly promoted by the prc- 
teclytfc fragments of fibronectin containing the alternatively 
spliced region of the IMCS domain and we suggest that this 
interaction if likeiy to be mediated by the integrin receptor 
\ LA-4 »a t .'fl, i. As only one out of three potential products of 
the alternative splicing of the fibronectin pre-mRNA has been 
shown to contain CS- 1 sequence in the rat 26 , it wi!l be important 
to determine the role of stromal cell expression of fibronectin 
splicing variants and ECM protein remodelling by proteolysis 
;r. :J;c prcvicuclv cbve~ ?d ncnrinrfrim. S nstiai d km hut ion of 
haematopoietic stem cells in the microenvironmenr ? * 26 These 




aH2 



aFnR 



F K. ? inn*, ccr. .tf CTu-S-denved spleen-colony formation by artti-fjbronectin 
receptor antoco> Antibodies used included affinity-purified rabbit antt-/3j 
■ref 14> eno Ran ) ? fragment prepared by pepsin treatment fcflowed by 
protem a acssweuop. of Fc-containing antibodies: and rat antj-H, p; -.orv, 
ric^at antrooat^s eiocking of CRj-S homing to spleen in wvo was done by 
.~..^at.fw iKFrt** dilution bone marrow cells (1-3 xlo s mi _i ) depleted of 
plastic ao^er?.^ oelis with lOOjigml" 1 rabbit anti-fawonectin receptor 
(mouse) IgG. IGC^g ni ' : rattit preimmune iga or 1:50 dilution anti-pan 
tas an irrelevant amigen expressed on CFU-S) at 4 X for 45min white 
rotatmg ena eno After this incubation, cells were washed twice in 
ice- cold P8S ajrss resuspended in ice-cold o-MEM containing 5% FCS Cells 
were ^ept or. oe yntii injected slowly into lethally irraoated mice. Spleens 
were harvester \2- 14 davs post. transplant and analysed as above. Figure 
snows representative spleens from one experiment. 
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interactions may have important implications in the localization 
of intravenously injected stem cells to the medullary cavity 
during boiie marrow transplantation and modulation of 
expression of VLA-4 may have a role in loss of adhesion of 
leukaemic blast cells to stromal cells noted during blast crisis 
in rhrnnic myelogenous leukaemia 27 . By analogy to Ivmphocyte 
homing mechanisms, stem-cel! stromal interactions may use 



multiple hgand-reccptor interactions including VLA-4/CS-i 
described here and lectins described previously^. Finally the 
recent characterization of the steel gene product as a tra*s- 
membrane growth factor strengthens the possibility that an 

Dm^-S! 1 - ° f fhC h r mtXX °^ llQ ^cro^ronient" to 
provide anchorage sues for stem cells to promote local interac- 
nons with membrane-bound cytokines*"* □ 
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Assembly of class I major histocompatibility complex (MHC) 
molecules involves the iateractioQ of two distinct polypeptides (the 
heavy and light chains) with peptide antigen. Cell lines synthesizing 
both chains but expressing low ieveis of MHC class i moirciiio 
od their surface as a result of a failure in assembly sad trasssort 
have been identified 1 . We now report that although the apparent 
steady-state distribution in these cells of class I tnoletulesis in 
tteendoplasm^ reticulum (ER), the molecules in fact are recycled 
between the ER and Golgi, rather than retained in the ER. This 
explains the failure of class I molecules to negotiate the secretory 
pathway. Class I molecules do not seem to be modified by Goto 
«»yi«S wggesiing that the proteins do not reach the Golgi 
apparatus during recycling. But morphological and subcellular 
fractionation evidence indicates that they pass through toe as 
Golgi or a Golgi-associated organelle, which we postulate to be 
the recycling organelle. This compartment, which we call t!ic 
^•Colgi network*, would thereby be a sorting organelle that 
selects proteins for return to the ER. 

We examined the mutant cell lines 1 and failed either to detect 
carbohydrate piocessing of class I molecules in the Golgi or to 
NATURE • VOL 352 - 1 AUGUST 1991 
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coprec.piiaie much hghi chain with an anti-hcavv chain amihodv 
idmu not shown*. Immunofluorescence staining of these cells 
with antibodies to class I was consistent with the biochemistrv 
revealing a typical ER disiribution (Fig. | a >-\ not a Golgi one 
as revealed bv ar, amihodv to fhe Golgi marker manosidase !l 
(man llr (Fig. IAi. 

The drug bret'efdin A induces, the rapid redistribution of Golgi 
proteins tnto the ER along a pathuav that is inhibitci by 
inicrotebule-disrupiing agents, energy poisons and reduced tem- 
peratures We therefore reasoned that the retrograde transport, 
ana hence aisinbuiion. w pioiein* ihat aic nunndli> icv>de*S 
rnsgh: also ivr 2 !;ered by lowering the temperature or hv deiwlv- 
menzmg microtubules. This would enable us to distinguish 
whether class I molecules are truly retained in the ER or recycled 
in one of the mutant cell lines. CMT 1 . When CMT cells were 
incubated at 16 *C for 2 h and then wanned for 5 min to 37 <C, 
class i rrniecuie* rwi%iiibuied to a Goljd-like pattern {fi« 
If.rf). whereas the disiribution of the ER marker remained 
unenjnged (not shown). Depletion of ATP with 2-deoxy-D 
glucose and sodium azide, which inhibit ER to Golgi membrane 
traffic, prevented the change in distribution of class 1 molecules 
at 16 -C (not shown*. The distribution of a nonresident ER 
protein, a truncated form of the T-cel I -receptor o chain 
' 1 v ^"r.fi >• which c^r.r.c: be secreted but is retained in th* ER 
was sir-!-!* eiar-ir.ed. When exposed in Chinese" hamper 
ovary celN fc-p! a* 3? C, TCR ft(;PI is processed and distributed 
in ihe Siime wey 3 < retained MHC class I molecules'. Unlike 
class I, howf.er. TCRo, ;n did not assume a Golgi-like distribu- 
tion at 16 T (Fig. |£. h\. 

Redistribution cf class I molecules at 37 C C can be induced 
using nocodazo!e. which causes microtubule depolymerization. 
*vuhm 40 nun of r.ocodazole treatment, class I molecules 
changed from having a punctate/ reticular \ ER-likel distribution 
to naving a scattered oiMribuiiun, correspunuiiig tu miuuuio 
that lacked ER r^idem proteins, hut which often colocalized 
with the Golgi marker »Fi 2 1 1>, f ). The distribution of TCRo <JP , 
did rot change after nocodazole treatment. 

Class I molecule* in ccll> incubated ai 16 T ;»nd then r € . 
warmed to 37 X (in the presence of cycloheximide to prevent 
the introouction of newiy synthesized class I molecules into the 
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